The proposed method aims towards a full automation of the detection of coronary artery blockage through image processing techniques so that the system does not have to rely on human's inspection. The goal of the research is to implement the proposed image processing techniques so the system can detect the narrowing area of the wall of coronary arteries due to the condensation of different artery blocking agents. The research suggests that the system will require a 64-slice CTA image as input. After the acquisition of the desired input image, it will go through several steps to determine the region of interest. This research proposes a two stage approach that includes the pre-processing stage and decision stage. The pre-processing stage involves common image processing strategies while the decision stage involves the extraction and calculation of two feature ratios to finally determine the intended result. Moreover, in order to get more insights of the subject of these examinations, this research enables creating a 3-D model.
INTRODUCTION
Akhbardeh et al. presented categorization of the clogs in the arteries by applying the frames generated from the X-ray angiography. Performing image pre-processing methods includes selecting a line of interest (on blocked artery and further selection of the region of interest on that area, then automatically cropping the region of interest followed by Gaussian filtering. The paper displayed three alternative methods are proposed to measure the stenosis in the vessel. The first method applies thresholding to extract the vessel of interest. The extracted vessel is analyzed for the calculation of the stenosis in percentage. The second method utilizes segmentation of the vessel tissue over the extracted pixels of ROI (Region of Interest). The final method is based on using K-means clustering to differentiate between the vessel regions and non-vessel regions. Among the proposed methods K-means clustering based method outperforms better than others [1] . Supriya Agrawal in her paper proposes a method for automated segmentation of cardiac stenosis. Pre-processing is done for image analysis. Pre-processing includes image enhancement and pre-segmentation. Image enhancement is done to remove the noise removal and improves the visual quality. Segmentation of the arteries is done through Hessian based Frangi's vesselness filter. Abnormality in the segmented arteries is detected through Sobel Edge Gradient Operator along with the threshold values 76 to 80. This projects the edges which are the regions having high spatial frequency. The gradient magnitude is computed at each point for detecting the stenosis [2] . Shahzad R. and et.al in his work described a method which consists of extracting centerlines with the help of already known start and end points of arteries. Then it detects bifurcation points and then the points and centerlines are divided into segments. This changes centerlines to segments. The next step is to initialize the centerline segments for segmenting the lumen. The segmentation of the lumen is done by combining robust kernel regression and graph-cuts [3] .The geodesic active region model presented by Nikos and et al , who integrates boundary-based with region-based active contour approaches, is more effective than region-based snake segmentation methods, because prior knowledge about ROI is introduced [4] . The important problems in the region-based approaches include the design of region-based models. We have used Vessel Enhancement Diffusion filtering developed by Frangi to enhance/Segment the vessels/Coronary arteries [5] . The objective of this research study is early detection of the coronary artery blockage in various age groups for quick diagnosis. Nowadays, health care system enormously rely on medical image processing for extracting information about human body to diagnose almost all diseases. This proposed system uses CTA (Computed Tomography Angiography) images as input to extract relevant information for predicting coronary artery blockage. The challenge is to effectively analyze the images in order to extract information, by further analyzing the extracted information we can identify whether any arteries are being blocked or not. We believe, the proposed method can provide more accurate result for the IDENTIFICATION OF RISK FACTOR 3D VISUALIZATION purpose of detection of Coronary Artery blockage as well as this can make the process simple than that of the complex analysis of traditional Coronary CT angiography. We intend that after this proposed system comes into use, dependency on human visual inspection will be highly minimized and more accurate diagnosis will be ensured.
PROPOSED METHOD
The structure of proposed system is shown in Figure 1 . The proposed system comprises of two major stages: preprocessing stage and decision making stage. In the first stage, as input image, CTA images of artery of heart are acquired. After acquiring the image, nearest neighbor interpolation method were performed for image scaling. Moving on to the pre-processing stage where several steps are performed using gaussian smoothing, grayscaling and median filtering. After the pre-rpcing stage, the main processing stage (i.e., decision making stage) starts performing segmentation based on Otsu Thresholding , Moore's Neighbor Tracing, where the arteries, were segmented by removing backgrounds from the images and determining pixel density in artery perimeters. Then the proposed algorithm determines the quantification of stenosis. The output is divided into two parts. The first part identifies the risk factor and the second part provides a 3D visualization of Coronary Arteries. Figure 1 . Structure of the proposed system.
Pre-processing
The CTA images are needed to be pre-processed to reduce complexities in further processing for extracting information. Gaussian smoothing with 9x9 kernel and sigma = 4 is applied .The Gaussian outputs a `Weighted Average' of each pixel's neighborhood, with the average weighted more towards the value of the central pixels [6, 7] and is expressed as, (1)
It will make smoother edge by reducing color contrast, details and noise. Later, the images then converted into grayscale using luminosity method [8] as shown in Figure 2 . The images are more sensitive to red and blue than other colors, so red and blue are weighted most heavily. The formula for luminosity (L) can be express as:
Furthermore, to reduce noise median filtering has been used which gives vigorous average of the pixels [9] . It is performed by the neighboring pixels that are sorted out and then the pixels are replaced by the median value of all the sorted pixels and if the neighboring pixels are even in number, then the average value of the middle two pixel value is used for the replacement.
(a) (b) Figure 2 . a) Gaussian smoothen image where sigma = 4 and b) Gray scale conversion using luminosity method.
Segmentation of Coronary Artery
In the coronary artery detection part, the system aims to detect the major parts of artery with blockage. On the other hand blockage in the minor part is not that much significant. For this purpose, Otsu Thresholding has been applied for binarization as shown in Figure 3 . If the larger connected (area) pixels and every lower connected pixel which are considered as noise can be removed, the only vessel will be left. Now, the objects in the binary image of vessels, needs to be a solid and it is done by filling the background regions using morphological reconstruction which recovers the minima that are not connected within an object boundary. This flood-fill operation area applied to the binary image where it changes the connected background pixels to foreground [10] . Mainly this operation will be occurred till it reaches the boundaries. In a connected bounded region, if there are pixels with non-zero pixel value, then it will reconstruct it and make background pixels to foreground. Mainly this operation will be occurred till it reaches the boundaries. 8-connected components analysis method has been applied to count total connected components which starts scanning from a point and runs till reaching to the starting point again based on checking connected neighbor [11] [12] [13] [14] . By following this, it traces all the group of pixels and sparely trace region. This tracing is performed by using Moore's Neighbor Tracing algorithm [15] [16] [17] [18] . Total numbers of white pixels are counted as the area of the certain bounded part. Moreover, as the artery has become one connected region, there will be some other parts with heart's artery. As they are larger in size than the artery's area, delete them after with a condition if the system measures the area of total connected components in artery region area are greater than this, then it will not be accepted. Similarly, after deducting the larger upper heart part, the system needs to remove noises as well as unwanted components created for rest of heart's organ or minor artery or foreground side color. By trial and error method, its gained that first heart's major artery area is 18,500 pixels, second heart's major artery area is 43,865 pixels and third ones area is 41,000 pixels. If areas correspondingly less or greater than this is deducted, than only artery of heart will be segmented. Then, binary image is inverted by reversing binary value of the image. To detect the perimeter or pixel location of boundary, first of all, boundaries of each cells are traced based on the connectivity of white pixels from black pixels backgrounds canning from left bottom left corner to each rows going upwards and again starting from leftmost column to right until stop from where it started if it can complete a loop, then it will be traced as boundary. All the pixels locations are stored in a dataset. The pixels intensity of each perimeter is replaced with color (green) with thickness 1.5. Finally the processed images are plotted merging with main images by adding logic.
(a) (b) (c) Figure 5 . Pixels Intensity of perimeters in green, (a) Toshiba CTA and (b,c) two 128 slices CTA. 
Identification and Quantification of Blockage
By using the proposed algorithm, blockage of artery is measured in percentage. The perimeter pixels locations are stored in datasets. Using the dataset's row and column value, first of all get the minimum and maximum value and only make range till its midpoint as in average case. Blockage in minor artery doesn't affect either its huge or not. But as little blockage in major artery effects a lot, so only this part is counted. Now program will start scanning from a starting point and will end after returning to the starting point. This makes two edges based on same column with different row location. Normally, going top to bottom in artery get narrower with a fix ratio. The program connects line to check corresponding same column and different row position. If it after sudden point distance become lower continuously and then began to increase in size, and return to normal ratio, that area starting from the decreasing to increasing part is captured and can be said the ROI (Region of Interest). By connecting column value of decreased and increased beginning points, color lines can be drawn from connection lines pixels to ROI's contours pixel position. As a result blockage has been colored with color. Further, finding the closest point of these two contours, need to measure distance from connecting lines closest pixel to artery's second edge part where values of column both are same. And again measure distance to that point of connection line to artery' first edge part where conditions are same and divide them. Finally to measure the percentage of the artery block a formula has been determined which compares the ratio of diameters between healthy portion of coronary artery and a portion with some amount of blockage. While using the conventional method, the following expression has been used to calculate the percentage of artery blockage.
In the proposed method less than 50% blockage is considered as mild coronary stenosis. Blockage with a percentage of 50%-70% is considered as moderate and more than 70% is considered as high coronary Stenosis. Identification of the degree of artery blockage is illustrated in Figure 6 . 
3D Visualization
After getting the Region of Interest (ROI) from the segmentation part, the 2D DICOM images are being extracted to be used for 3D Volume Rendering. In order to perform the operation of volume rendering, "Osirix Lite" software has been used as the software uses Ray Casting Technique [19] . The proposed volume rendering algorithm uses ray casting method which is based on Blinn/Kajiya model [20, 21] . According to Levoy, Ray casting technique involves an algorithm which simplifies the integration of the intensity of the light towards the eye by "additive re-projection" method [22] . In this method, the voxels are assigned to a maximum opacity in order to control the visualization of the volume. The lighting model combines the reflection and transmission light from each voxel. The interpolation produces the i opacity and the color along the ray and they are merged with each other and combining with the background by compositing in front-to-back. Using the column metric composition, the outputs are combined to generate the final image. The visualization pipeline involves shading each voxel in the volume data by calculating a local gradient and thus the voxel normal is produced to generate intensity. At last, for every voxel in the volume data set, three color components intensity is produced as the output of this pipeline. In the classification pipeline each voxel is associated with opacity and the color parameters from the shading model are used. According to Levoy, in this pipeline, each voxel stands for an X-ray absorption coefficient (X) -the opacity calculated from the color parameters and C(X) -the shade generated by the local gradient. The formula of the standard transparency for each voxel along the ray R is:
These two values are combined to produce the final pixel intensity. For each voxel along the ray, represents the outgoing intensity.
represents the incoming intensity. The tri-linear interpolation of each voxel considers neighboring voxels which yields values lying along the ray R. This uses a full 26 voxel neighborhood and thus produces a smoothly shaded output image. Then the images are extracted for surface rendering where resolution has not been changed and also the intensity of each voxel has not been changed. Surface rendering creates the visual 3D model and thus the output 3D image is achieved as STL (Stereo lithography) format.
In Figure 7 , several instantaneous pictures of the blocked artery of resultant 3D image are represented from different perspectives (i.e., top, bottom, center, left and right) respectively. The image in the third row represents the bottom perspective of the blocked artery. 
RESULTS
Preliminary experimental results using the proposed methods are presented. Using the proposed method, three samples of coronary artery images from different patients with different heart conditions have been analyzed and compared to determine the accuracy and efficiency of the Algorithm. The results are shown in table1. After acquiring the percentage of blockage using above mentioned methods, the degree of stenosis have been determined using the proposed method and is shown in table 2. While segmenting the coronary artery, Otsu's thresholding method has been applied with high and low band pass. These will separate connected arteries and non-connected parts. Area or total connected pixels are measured with trial and error method. Based on that result, accuracy of thresholding values can be gained. This has been illustrated in the following chart shown in Figure 9 . 
CONCLUSION
A good heath is always one of the topmost priority of mankind. Thus early detection of a fatal disease like coronary artery blockage can be a blessing. Again if someone dianose for detection of artery blockage with manual method or with the help of doctors there always remains a room for mistakes or errors. The proposed system allows authonomous detection of the artery blockage at early stage. This system enables detecting the degree of artery blokage efficiently with minimal errors, as presented in Table 1 , Tbale 2 and Figure 9 . Moreover, the performance of the proposed system can be improved by using more efficient techniques in its further development.
